This study aimed to validate a second-order structural equation model and to predict the relevance of and relationships among four factors (i.e., teacher education programs, experiences from field-based practicums, psychological factors, and the implementation of technology integration). Each factor consisted of three subfactors, and a questionnaire involving the 12 subfactors was developed and completed by 362 Taiwanese pre-service teachers during internships. Data analysis reveals that the obtained data did not violate univariate normality and multivariate normality assumptions. The measurement instrument exhibited construct validity and discriminant validity. The evaluative results demonstrate an adequate fit to the second-order structural model. Furthermore, teacher education programs and psychological factors exerted a substantially positive influence on the implementation of technology integration, whereas fieldbased experiences exerted only a small effect.
Introduction
Although specific teacher education programs have required pre-service teachers to take an instructional technology course, studies have shown that coursework alone is inadequate to prepare pre-service teachers to use technology in the classroom (Willis & Sujo de Montes, 2002) . A potential reason is that the courses of technology application focus on technology literacy skills, rather than on how to integrate technology into classroom instruction (Llorens, Salanova, & Grau, 2002; Russell, Bebell, O'Dwyer, & O'Connor, 2003) . A survey of 1,439 American institutions with teacher education programs revealed that 85% of them offered an educational technology course but frequently focused on learning about different technologies (Kleiner et al., 2007) . Specific studies have provided integrated instructional approaches accompanied by a detailed theoretical framework of teacher education courses that can help pre-service teachers advance their TPACK (Finger et al., 2015; Mouza, Karchmer-Klein, Nandakumar, Ozden, & Hu, 2014; Polly, Mims, Shepherd, & Inan, 2010) . However, Martinovic and Zhang (2012) reported that many teacher education courses are still inadequate and/or lack sufficient modelling of the pedagogical uses of technology. Awotua-Efebo, Olele, and Uche (2014) indicated that course models have been inadequate because of a lack of teacher educators' engaging in course analysis.
Despite a lack of training in integrated courses in teacher education programs, pre-service teachers are willing to use technology during instruction because of updated views, according to which technology is considered a useful and valuable tool for preparing classes (Martinovic & Zhang, 2012) . Thus, theoretically, pre-service teachers' CK, PK, and TK, acquired in teacher education programs, affect their technology integration during internships.
Field-based experiences
Studies have suggested that teachers' use of technology is influenced by the organisational context (Chen, 2008; Clausen, 2007; Hermans, Tondeur, van Braak, & Valcke, 2008; Higgins & Spitulnik, 2008; Lim & Chai, 2008) . Organisational contexts can encompass a wide variety of school-level factors such as leadership, classroom management, physical background, and related relationships. Pre-service teachers might be limited in their ability to become fully involved in the organisational context of school-based field experiences because they participate for only half a year. However, pre-service teachers may have opportunities to experience favourable technology practice with their mentor teachers in school-based field experiences (Doering et al., 2003; Rosaen, Hobson, & Khan, 2003; Schmid, & Hegelheimer, 2014) . Mentor teachers' modeling of technology use plays a crucial role in how much the technology is used by pre-service teachers (Cuckle, Clarke, & Jenkins, 2000; Tondeur et al., 2012) . Judge and O'Bannon (2007) devised the Project ImPACT (Implementing Partnerships Across the Curriculum with Technology) model regarding field-based technology integration to foster change in technology preparation experiences for pre-service teachers. They suggested that the mentor, technology coordinator, and project staff provide mentoring support to interns. Regarding the integration of technology, various school faculty members, instead of the organisational context, are vital factors for pre-service teachers. Al-Ruz and Khasawneh, (2011) revealed that support from teachers and administrators has the highest direct effect on technology integration.
Furthermore, in addition to relationships with mentors and other faculty members, pre-service teachers have opportunities to learn the practical applications of TPACK from peer interns. The questioning of the ideas of a pre-service teacher by a peer fundamentally differs from that peer having their ideas questioned by an experienced mentor teacher (Nokes, Bullough, Egan, Birrell, & Hansen, 2008) . Peer interns' friendships and interactions are conducive to receiving and providing constructive feedback following lessons (Le Cornu & Ewing, 2008) . A potential reason is that collaboration with peers provides pre-service teachers with a lowthreat learning environment that can reduce anxiety and failure avoidance (Angeli & Valanides, 2009 ).
Therefore, regarding the implementation of technology integration, pre-service teachers may receive guidance from, and be influenced by, mentors, peer interns, and faculty members, such as other pre-service teachers' mentors and technology coordinators. Consequently, interactions with mentors, peer interns, and faculty members influence the technology integration of pre-service teachers.
Psychological factors
Teacher beliefs influence their behaviours and are considered an indicator for certain behaviours in class. Beliefs generally refer to suppositions, commitments, and ideologies, whereas knowledge refers to factual propositions and understandings (Calderhead, 1996, p. 715) . Concerning beliefs, Ertmer (2005) explained that after gaining knowledge of a proposition, an individual is still free to accept it as being either true or false. Kim, Kim, Lee, Spector, and DeMeester (2013) defined teacher beliefs in relation to technology integration (e.g., a teacher believes that the value of using technology in teaching is high because it promotes the active participation of students and enhances their understanding by using digital resources). Pre-service teachers' beliefs about the value of technology integration in the classroom have been identified as vital predictors of pre-service teachers' intentions to use technology in their practicums (Anderson, Groulx, & Maninger, 2011) . Furthermore, the pedagogical beliefs of pre-service teachers are critical for successfully integrating technology (Ertmer, 1999 (Ertmer, , 2005 Hermans et al., 2008; Sang et al., 2010; Tondeur, van Keer, van Braak, & Valcke, 2008) .
Self-efficacy involves the perception of one's own competence within a given domain. Self-efficacy beliefs influence decisions and behaviours, and are influenced by individual experiences within a particular domain. Self-efficacy beliefs about the ability to use technology in teaching are considered a factor influencing the decisions that teachers make regarding technology integration in the classroom (Abbitt, 2011) .
Based on a definition of attitudes towards behaviour proposed by Fishbein and Ajzen (1975, p. 216) , an individual exhibits positive or negative feelings regarding performing certain target behaviour; therefore, this study assumed that a pre-service teacher has either positive or negative feelings towards using technology in teaching. A teacher with a negative attitude might exhibit resistance towards technology in instruction. A teacher's attitude towards technology has been demonstrated in numerous studies to be a crucial factor influencing the implementation of technology integration (e.g., Anderson et al., 2011; Wu, Chang, & Guo, 2008) . Pre-service teachers with a positive attitude towards technology tend to integrate technology successfully in their classroom (Lee & Lee, 2014) . For pre-service teachers, the attitude towards technology integration is a critical factor influencing technology use in teaching (Abbitt & Klett, 2007; Celik & Yesilyurt, 2013) .
Thus, numerous psychological factors predict a teacher's implementation of technology integration, such as the beliefs about the value of technology integration, the self-efficacy beliefs about the ability to use technology in instruction, and attitudes towards technology integration.
Teacher education programs, field-based experiences, and psychological factors
Studies have indicated that relationships among teacher education programs, field-based experiences, and psychological factors influence pre-service teachers' use of technology during teaching. For example, Lambert, Gong, and Cuper (2008) showed that pre-service teachers exhibited positive pedagogical beliefs about the importance of technology use in education after taking educational technology courses and indicated that educational technology courses prepared pre-service teachers to use technology effectively in instruction. Wang, Ertmer, and Newby (2004) reported that goal setting and vicarious learning experiences, through watching video segments in a teacher education course, substantially affected pre-service teachers' judgments of self-efficacy in technology integration. Furthermore, teacher education programs also influence pre-service teachers' attitudes towards technology integration and lead to a high willingness to use technology in teaching (Martinovic & Zhang, 2012) .
School-based field experiences with technology integration influence pre-service teachers' beliefs about and attitudes towards technology integration. Kajder (2005) demonstrated that mentors' pedagogical beliefs, as perceived by pre-service teachers, markedly influenced pre-service teacher beliefs on technology use during internships. Although few studies have indicated that the beliefs of peer interns and other faculty members regarding pedagogy are associated to those of pre-service teachers, theoretically, pre-service teachers' beliefs about and attitudes towards technology integration may be influenced by interactions with school faculty members. In addition, studies have shown that mentors' positive attitudes towards technology use positively affect the attitudes of pre-service teachers towards the use of technology (Aslan, Zachmeier, Glazewski, & Ottenbreit-Leftwich, 2012) . Thus, school-based field experiences affect pre-service teachers' attitudes towards both technology integration and further technology integration. Yusop (2015) evidenced that pre-service teachers' beliefs and attitudes towards technology use are crucial determinants of the success of technology integration in their classrooms and suggested that teacher educator programs nurture pre-service teachers' familiarity and intentions to use technology. In other words, teacher education programs and school-based field experiences might both directly and indirectly influence preservice teachers' implementation of technology integration through the mentioned psychological factors.
Methodology Research design
In this study, we tested a second-order SEM to predict the relevance of and relationships among four categories (i.e., teacher education program [PROG] , field-based practicum [FIELD] , psychological factors [PSYCHO] , and implementation of technology integration [IMPLE]) for Taiwanese pre-service teachers during internships. A second-order factor model was established to model the relationships in each factor and their three subfactors, including PROG (i.e., TK, PK, and CK), FIELD (i.e., mentors, peers, and faculty members), PSYCHO (i.e., beliefs about, self-efficacy beliefs concerning, and attitudes towards technology integration), and IMPLE (i.e., TCK, TPK, and TPCK), based on literature review. A survey was conducted for data collection. The SEM model includes measurement and path models. The measurement model was a conventional confirmatory factor model, which was used to assess data validity, whereas the path model consists of the direct, mediated, and total effects of one second-order latent variable on another. The sum of the direct and mediated effects is the total effect (Bollen, 1989) .
Research participants
Based on statistical data obtained from the Taiwan Ministry of Education (2013), approximately 3,900 preservice teachers participate annually in school-based field practicums in secondary schools across Taiwan. According to Cohen, Manion, and Morrison (2007) , over 350 pre-service teachers constitute an adequate sample size for achieving a 0.95 confidence level and 5% confidence intervals. The subjects comprised 410 pre-service teachers who participated in field-based practicums between August 2013 and January 2014. These pre-service teachers were chosen randomly from three main teacher education universities with secondary teacher education institutes in Taiwan, and were asked to participate in the survey conducted from January 2014 to March of 2014. We collected 398 questionnaires, of which 362 questionnaires were valid.
The subjects consisted of 118 male (32.6%) and 244 female (67.4%) teachers who had graduated from teacher education universities with majors in mathematics (10.2%), literacy and language arts (19.6%), sciences (16.9%), social studies (10.2%), arts and physical education (11.6%), vocational professions (10.5%), integrative activities (8.3%), and special education (12.7%).
Before participating in field-based practicums, Taiwanese pre-service teachers must major in a teaching field and complete at least 26 credits in education courses, and be enrolled in at least three courses related to instructional methods and technology. In addition, the "Subject/Field-Specific Teaching Method" course is required. The pre-service teachers were required to design lessons and practise teaching according to their mentors' guidance during field-based practicums. Because most of the classrooms in practicum schools were equipped with technological devices such as overhead projectors, the pre-service teachers could implement technology integration lessons during field-based practicums.
Instrument
We developed a questionnaire to identify the factors that relate to technology integration by pre-service teachers in the practicum context. The questionnaire consisted of four categories, of which each category consisted of three subfactors. Each subfactor consisted of two items. The original items were developed in Chinese; the items were subsequently translated into English for submission.
In the category of teacher education programs, five pre-service teachers participating in field-based practicums were interviewed in December 2013 to collect data regarding the perceptions of acquired knowledge that can enable them to integrate technology in instruction, and to determine how they can acquire various knowledge bases regarding technology integration in teacher education courses. The items were developed based on the interview data. In the category of field-based practicum experiences, the items were developed with a focus on pre-service teachers' interactions with mentors, peers, and other faculty members regarding technology use. The items of the third category, addressing pre-service teachers' psychological factors, were developed according to the definitions of beliefs about, self-efficacy beliefs concerning, and attitudes towards technology integration based on the literature. The fourth category, implementation of technology integration, was based on a TPACK questionnaire from Schmidt et al. (2009) .
The responses to each item were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). All items were repeatedly revised by five professors with relevant expertise. Cronbach's alpha was initially calculated to assess the internal consistency and reliability of the 12 subfactors. The alpha values were as follows: TK, 0.770; PK, 0.653; CK, 0.732; "mentor," 0.795; "peer," 0.834; "faculty," 0.724; "beliefs," 0.673; "self-efficacy beliefs," 0.661; "attitude," 0.667; TCK, 0.669; TPK, 0.751; TPCK, 0.799; and the total questionnaire, 0.911. All Cronbach's alpha values were > 0.6, revealing that the instrument reached internal consistency reliability.
Data analysis
After data collection, we evaluated homogeneity in the teaching fields of pre-service teachers, multivariate normality, and validity through factor loadings for the measurement model and the entire model. The model fits were also analysed.
We conducted one-way analysis of variance (ANOVA) to determine whether the teaching fields in which the pre-service teachers had majored exerted dissimilar influences on the 12 subfactors. The analytical results reveal insignificant differences in teaching fields (TK, F = 1.283, p > .01; PK, F = 0.769, p > .01; CK, F = 1.414, p > .01; mentor, F = 2.176, p > .01; peer, F = 1.222, p > .01; faculty, F = 1.399, p > .01; beliefs, F = 1.763, p > .01; self-efficacy beliefs, F = 2.635, p > .01; attitude, F = 1.840, p > .01; TCK, F = 1.958, p > .01; TPK, F = 2.571 p > .01; TPCK, F = 0.765, p > .01). This eliminated the potential effect of the teaching fields on the 12 subfactors.
Assessment of multivariate normality
The SEM programs involved conducting maximum likelihood estimation, which is robust for normality violations and provides remedies for nonnormal variables. According to Bollen and Long (1993) , when both skewness and kurtosis coefficients have absolute values < 2.0, univariate normality is achieved. We generated coefficients from -0.815 to -0.187 for skewness and -0.769 to 0.399 for kurtosis (Table 1 ). The data did not violate the univariate normality assumption for each observed variable. According to Bollen (1989) , when Mardia's coefficient is less than p (p + 2), where p is the number of observed variables, multivariate normality exists. In this study, Mardia's coefficient was 96.208, and p = 24, 96.208 < 24 (24 + 2) = 624; thus, multivariate normality existed. 
Validity
To assess validity, we calculated the standardised regression loading of each observed variable for evaluating construct validity, as well as the average variance extracted (AVE) for identifying discriminant validity, and compared them with correlation coefficients for latent variables.
Each item was loaded significantly on its corresponding first-order factor, according to the standardised factor loadings, which were 0.602-0.869 (t values, 6.16-14.71, p < .01), as shown in Table 2 . In addition, each first-order was loaded significantly on its higher second-order factor (t values, 6.29-10.14, p < .01). According to Hair, Anderson, Tatham, and Black (1998) , when the construct validity of latent variables exceeds 0.60, the measurement instrument exhibits construct validity. The construct validity of each latent variable was 0.667-0.841 in all first-order latent variables, and that of all second-order latent variables was 0.779-0.966; therefore, > 0.60 (Table 2) . In addition, the AVE of each first-order latent variable exceeded 0.5 (0.503-0.726), and all the square roots of AVE (0.709-0.852) for the 12 subfactors exceeded the correlation coefficients among subfactors (Table  3) , demonstrating favourable discriminant validity (Anderson & Gerbing, 1988) . Moreover, in the four second-order latent variables, each AVE for the second-order factor (0.541-0.904) also exceeded 0.5, and the square roots of the AVE (0.736-0.951) were greater than the correlation coefficients among four secondorder constructs (correlation coefficients, 0.397-0.635, p < .01), consistent with the requirement of discriminant validity. 
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Evaluation of the entire model
Structural equation modeling enabled determining the significance of variance in the entire model. In this study, the first-order latent variables in each category were reflective of one second-order latent variable (i.e., PROG, FIELD, PSYCHO, and IMPLE). According to Kline (2005) , the suggested χ 2 /df value is < 3 (p > .05) for large samples. For each second-order factor model, confirming that χ 2 /df < 3, p = .092-.326, indicating that the value was adequate. Furthermore, according to the suggested guidelines by Bollen (1989) , Kline (2005) , and Pedhazur (1997) , all other values related to model-fit indices were favourable; that is, each second-order factor model exhibited a favourable fit. Table 4 lists the model-fit results.
This study evaluated the entire model of correlations among four second-order latent variables. Table 4 shows that χ 2 /df = 1.149 (p = .063 > .05), indicating that the model exhibited a favourable fit according to the values of model-fit indices. Consequently, the SEM involving the four second-order latent variables, PROG, FIELD, PSYCHO, and IMPLE, was confirmed. Path analysis Figure 1 shows the path coefficients of the four second-order latent variables. Two of the five path estimates were insignificant, and the remaining ones reached a significant p value (p < .01). All path coefficients were positive. According to Cohen's recommendation, the interpretations of the effect size of correlations are based on standardised path coefficients with absolute values: a small effect (≤ 0.1), moderate effect (> 0.1, < 0.5), and large effect (≥ 0.5) (Kline, 2005) . The total, direct, and indirect effects among the four latent variables were calculated.
Although the direct effects of FIELD on IMPLE and PSYCHO were significant, the effect of FIELD on PSYCHO was 0.203, that of PSYCHO on IMPLE was 0.253, and the indirect effect of FIELD on IMPLE was 0.051, indicating a small effect.
The standardised effect of PROG on IMPLE was 0.463, that of PROG on PSYCHO was 0.487, that of PSYCHO on IMPLE was 0.253, and the total effect of PROG on IMPLE was 0.586 (0.463 + 0.487 × .253 = 0.586), indicating a large effect.
Finally, the standardised effect of PSYCHO on IMPLE was 0.253, indicating a moderate effect. 
Conclusion and discussion
We used the SEM method to explain the relationships among four factors (teacher education programs, fieldbased experiences, psychological factors, and implementation) in technology integration for pre-service teachers. Based on literature review, each factor comprised three subfactors. This paper presents a hypothesis that the three subfactors of each factor could be reflective of one second-order latent variable; furthermore, the implementation of technology integration by pre-service teachers is explained directly or indirectly by the remaining three factors. The evaluative result exhibits an adequate fit in four second-order latent variables, and confirmed a SEM model. Furthermore, teacher education programs and psychological factors exerted a substantial and positive influence on the implementation of technology integration, whereas field-based experiences exerted only a slight influence.
Specifically, PROG substantially affected IMPLE. This finding demonstrates that pre-service teachers' TK, PK, and CK, acquired from teacher education programs, enabled them to use technology when teaching. FIELD revealed a minor effect on IMPLE. The interactions of pre-service teachers with mentors, peer interns, and other faculty members during field-based practicums did not lead to pre-service teachers integrating technology into instruction.
The literature review revealed that pre-service teachers can acquire the skills and methods related to technology applications from various types of technology-skills-based courses and methodology courses, in TCK   TPK   TPCK   IMPLE   TCK01   TCK02   TPK01   TPK02   TPCK01   TPCK02 relation to subject matter, during teacher education courses (Anderson & Maninger, 2007; Franklin, 2007; Kleiner et al., 2007) . Our findings reveal that TK, PK, and CK acquired in teacher education programs are crucial factors in predicting pre-service teachers' implementation of technology integration. Although previous studies have suggested that coursework alone is insufficient for enabling pre-service teachers to integrate technology in teaching (Willis & Sujo de Montes, 2002) , the pre-service teachers in this study perceived that they could acquire sufficient knowledge related to technology, pedagogy, and subject content from teacher education courses (the average score of the items in TK01, PK01, and CK01 exceeds 4 and the average score of other factors). Moreover, the pre-service teachers could gain experience related to technology, pedagogy, and subject content (average score of the items in TK02, PK02, and CK02 exceeds 4 and the average score of other factors) during teacher education programs. The provided knowledge base and experience enabled the pre-service teachers to implement certain technological applications.
Furthermore, pre-service teachers in general might consider technology a useful tool for instruction, leading to positive attitudes towards technology integration and an increased willingness to use technology during teaching (Martinovic & Zhang, 2012) . Thus, teacher education programs have the most substantial influence on the implementation of technology integration, regardless of direct and indirect effects.
Our previous study (Liu, 2012) reported that teacher education courses did not substantially affect the implementation of technology integration for pre-service teachers. The survey in the previous study involved asking pre-service teachers whether teacher education courses provide them with technology integration knowledge. Because of the lack of integration of various types of teacher education courses, as reported in the literature, the assertion that teacher education courses have no effect was reasonable in the previous study. Nevertheless, the present study involved asking pre-service teachers their perceptions of TK, PK, and CK acquired from teacher education programs in the application of technology integration. With reports on the acquirement of TK, PK, and CK as well as updated views, pre-service teachers may integrate various types of knowledge to implement technology integration. In other words, the previous study focused on integrating knowledge from teacher education programs and revealed no effect, whereas the present study considered the sources of knowledge, and determined an effect on the implementation of technology integration. Therefore, the subfactors warrant consideration.
An additional finding of this study reveals that school-based field experiences exerted only a small effect on the implementation of technology integration for pre-service teachers. According to previous studies, preservice teachers have numerous opportunities to experience adequate technology practice through interactions with their mentors and faculty members (Doering et al., 2003; Rosaen et al., 2003) . Relevant literature also indicates that pre-service teachers' interactions with faculty members and peers regarding technology use influence their technology integration (Le Cornu & Ewing, 2008; Schmid, & Hegelheimer, 2014) . The learning interactions with various school faculty members might be a critical factor influencing pre-service teachers' technology integration. In this study, the pre-service teachers stated that they did not interact sufficiently with mentors, peer interns, and other faculty members before integrating technology into teaching; this finding is based on the average score (3.645) of the items in FIELD, the lowest score among all factors. Therefore, school-based field experiences exerted only a small effect on the implementation of technology integration for pre-service teachers in this study. The present study determined that the low interactions regarding technology use in instruction reduced the implementation of technology integration.
Similar to other studies (e.g., Abbitt, 2011; Anderson et al., 2011; Sang et al., 2010) , this study determined that psychological characteristics involving pedagogical beliefs about, self-efficacy beliefs concerning, and attitudes towards technology integration influenced pre-service teachers' implementation of technology integration. Moreover, based on the findings of previous studies (Lambert et al., 2008; Martinovic & Zhang, 2012; Wang et al., 2004) , field-based experiences and teacher education programs can shape pre-service teachers' beliefs about, self-efficacy beliefs about, and attitudes towards technology integration. However, as asserted in this study, because of the acquirement of TK, PK, and CK, and low interactions with school personnel in field-based practicums, teacher education programs substantially affected psychological factors for pre-service teachers, whereas field-based experiences exerted no substantial effect. The psychological characteristics mediated the effects involving technology-integration activities for pre-service teachers.
This study contributes to the literature by providing an entire model that explains the associations between pre-service teachers' implementation of technology integration and three crucial process factors: teacher education programs, field-based experiences, and personal psychological factors. On the basis of evaluating a second-order SEM, this study also provides evidence regarding the appropriateness of the subfactors to explain each crucial factor of technology integration in pre-service teachers' during teaching.
Implications and limitations
Based on the conclusion of this study, we verified the second-order SEM regarding the effects of teacher education programs, field-based practicums, psychological factors, and the subfactors regarding the implementation of technology integration for pre-service teachers. The research model can serve as a base model for future studies. Moreover, this study determined that the pre-service teachers did not interact sufficiently with mentors, peer interns, or other faculty members before integrating technology, thus showing a small effect of field-based experiences on the implementation of technology integration. By comparing the results of this study with those of previous studies regarding the effects of field-based experiences on interactions with mentors and faculty members in technology integration, future studies could investigate why pre-service teachers exhibit little interaction with school faulty and peer interns when using technology.
This study proposes that teacher education programs both directly and indirectly affect pre-service teachers' implementation of technology integration through psychological factors. However, this study could not obtain real contents of teacher education courses to identify the approaches of teacher education programs. Instead, this study relied on self-reports of pre-service teachers for various knowledge bases regarding technology integration courses. Thus, this study has one limitation: a bias may be attributable to different approaches in the consideration of teacher education programs.
